A s the prevalence of heart failure (HF) and atrial fibrillation (AF) are increasing, 1,2 more patients with HF or AF will require noncardiac surgery and appropriate perioperative risk stratification. A number of perioperative risk prediction models for patients undergoing noncardiac surgery have been developed over the last 3 decades. Although there are differences between risk-prediction models, all of these models cited HF as a significant predictor of adverse perioperative cardiac complications and emphasized a history of coronary artery disease (CAD) as the major driver of perioperative cardiac risk. [3] [4] [5] [6] [7] [8] However, most of these studies were single center, had few clinical events, and were developed before the broader application of life-prolonging medications (eg, ␤-blockers, angiotensin-converting enzyme inhibitors). Thus, the reported risks of HF vary widely between studies. Lee et al 8 and Kumar et al 6 reported perioperative cardiac event rates of 5% to 10% in patients with a history of HF undergoing noncardiac surgery, and 2 Medicare studies (limited to patients over 65 years of age) reported rates of 8% to 12% after major noncardiac surgery. 9, 10 for postoperative cardiac events. Some studies have reported that nonsinus rhythm or premature atrial contractions were associated with adverse cardiac events, whereas others have reported no significant association. 3, 8 The risk of preoperative AF remains poorly defined. We designed this study using a population-based cohort to explore the postoperative mortality of patients with HF, AF, or CAD undergoing major and minor noncardiac surgery.
Methods

Study Design
As previously described, 11 we used linked administrative databases to establish inception cohorts of patients with incident cardiac diagnoses (as detailed below) and then explored outcomes when these patients underwent noncardiac surgery during follow-up.
Data Sources
The database was created by linking 3 databases maintained by the Alberta Health and Wellness Ministry: (1) the Alberta Inpatient Discharge Abstract Database, which records information (including dates, diagnoses, up to 25 secondary diagnoses, and in-patient surgical procedures) on all admissions to acute-care facilities in the province of Alberta, Canada; (2) the Alberta Health Care Insurance Registry, which tracks vital status of all 3.3 million Albertans; and (3) the Ambulatory Care Classification System, which codes for all minor outpatient surgical procedures and up to 10 primary and secondary diagnosis. Each individual has a unique personal identifier by which patient information can be tracked through each of the databases, creating a continuous link of events for every patient. Alberta has 98 in-patient facilities and 371 outpatient facilities that provide surgical care.
Patient Population and Covariates
Four mutually exclusive study cohorts were created from patients Ͼ20 years of age discharged from an acute-care facility in Alberta between April 1, 1999 [12] [13] [14] [15] In the database of this study, the specificity for HF and cardiac arrhythmia coding are 98.7% and 99.4%, respectively. 14,15 A third cohort consisted of patients hospitalized for the first time with CAD between 1999 and 2006 but without a concurrent or historical HF diagnosis in the in-patient database between 1993 and 2006. A fourth cohort was created by identifying all patients with a primary diagnosis of AF (ICD-9-CM code 427.3x, ICD-10 code I48) without CAD or HF. To avoid enrolling patients who developed an index diagnosis of HF, CAD, or AF as a result of a surgical complication, only patients with one of these index diagnoses during a previous nonsurgical hospital admission were included in the study. Additionally, discharge coding dating back to 1993 was used to minimize the chance of overlap between the cohorts.
Patient comorbidities were identified during the index surgical hospitalization using ICD-9-CM and ICD-10 codes from the in-patient database, which allows coding for up to 25 other conditions. This process was supplemented using discharge coding from 1993 up until the time of their first surgical procedure.
Six categories of noncardiac surgery (abdominal, thoracic, orthopedic, vascular, pelvic, and minor) were identified using ICD- 9-CM codes for procedures from 1999 to 2002 and Canadian  Classification of Health Interventions codes for procedures from  2002 to 2006 (online-only Data Supplement Table I ). The first surgical procedure was selected in a hierarchical fashion, and if a major and minor surgical procedure occurred within 30 days, the major procedure was considered to be the index surgical procedure. This was done to allow for minor procedures (eg, biopsy) that would precede a major surgery. The surgical procedures were further classified on the basis of urgency and type of hospital admission (outpatient, elective, urgent, or emergent), and time of surgery after index date for cardiac condition leading to each patient's inclusion in the cohorts (0 to 4 weeks; Ͼ4 weeks).
Outcomes
Patients in each cohort were followed up for 30 days from the date of their first surgical procedure. The primary clinical outcome of interest was 30-day postoperative mortality. Secondary clinical outcomes of interest included the frequency and cause (cardiac and noncardiac) for 30-day hospital readmission.
Several a priori subgroup analyses were performed. The influences of hospital admission type, type of procedure, and timing of surgery after index cardiac diagnosis on 30-day postoperative mortality were explored. Using the World Health Organization definition of a healed myocardial infarction of "29 days and beyond," we defined early surgery as Յ28 days and late surgery as Ͼ29 days. 16 Individual surgeon and hospital volumes were not available, so number of hospital beds was used as a proxy for hospital procedural volume.
Statistical Analysis
Categorical data were summarized as percentages and odds ratios (ORs), and differences were tested with the 2 test. Continuous variables were summarized as medians and interquartile ranges, and differences were tested with the Wilcoxon rank-sum test.
A multivariable logistic regression was created to adjust for baseline cohort differences, using a backward stepwise method for 30-day death or death and rehospitalization. All variables were entered into the model in stepwise fashion; a value of PϽ0.15 was used as an exit criteria. Adjusted ORs were then determined for 30-day outcomes after controlling for other potentially confounding factors. The AF variable was included in the models in addition to the cohort membership to adjust for patients in the HF, IHF and CAD groups with AF. All results are presented as unadjusted and adjusted ORs with their respective 95% confidence intervals (CIs). All tests were 2 sided, with the level of significance set at PϽ0.05, and all analyses were performed with SAS version 9.2 (SAS Institute Inc, Cary, NC). Figure 1 ). The overlap between cohorts is illustrated in Figure 2 .
Results
Cohort Identification and Surgical Variables
Compared with the NIHF cohort, the IHF cohort patients were more likely to have hypertension, diabetes mellitus, AF, peripheral vascular disease, cerebrovascular disease, chronic obstructive pulmonary disease, and chronic kidney disease (all PϽ0.0001, Table 1 ). In both HF cohorts, female gender and most comorbidities were more prevalent than in the CAD cohort. Patients with IHF or NIHF were a median of 10 years older than those with CAD (PϽ0.0001) and a median of 2 years older than those with AF (PϽ0.0001).
Both HF cohorts were substantially more likely to have a procedure on an urgent or emergent basis (Pϭ0.0001, Table  1 ) and there were differences in the distribution of procedures between the 4 cohorts ( Table 1) . Patients in the AF cohort had a shorter time from index cardiac hospitalization to index surgical hospitalization compared with the other cohorts.
Outcomes
The unadjusted 30-day postoperative mortality was 9.3% in the NIHF cohort, 9.2% in the IHF cohort, 2.9% in the CAD cohort, and 6.4% in the AF cohort (NIHF versus CAD, PϽ0.0001; IHF versus CAD, PϽ0.0001; AF versus CAD, PϽ0.0001, Figure 3 ). The 30-day rehospitalization rate was 15.5% in the NIHF cohort, 15.3% in the IHF cohort, 13.3% in the CAD cohort, and 15.6% in the AF cohort (NIHF versus CAD, PϽ0.0001; IHF versus CAD, PϽ0.0001; AF versus CAD, PϽ0.0001; AF versus IHF, Pϭ0.59; AF versus NIHF, Pϭ0.34). Both NIHF and IHF patients were more likely to be readmitted for cardiac reasons than those with CAD (NIHF versus CAD, PϽ0.0001; IHF versus CAD, PϽ0.001). Within each cohort, the 30-day postoperative readmission with a cardiac diagnosis was 1.8% NIHF, 3.5% IHF, 0.7% CAD, and 0.4% AF. In all cohorts, the most common reason for cardiac readmission was related to the underlying cardiac disease (eg, HF cohort patients were primarily readmitted with HF).
In all cohorts, the 30-day postoperative mortality after urgent and emergent surgeries was higher than after elective and outpatient surgeries ( Table 2) . Although outcomes varied across surgical types, NIHF and IHF patients were at overall higher risk than those with CAD or AF. This association was seen even in those patients undergoing minor surgery, with 30-day mortality rates of 8.5% in the NIHF cohort, 8.1% in the IHF cohort, 2.3% in the CAD cohort and 5.7% in the AF cohort (PϽ0.0001).
In all cohorts, patients who underwent surgery within 4 weeks of their cardiac diagnosis had a higher mortality rate than those undergoing surgery Ͼ4 weeks after diagnosis (13.2% versus 7.0% for NIHF; 13.9% versus 7.2% for IHF; 5.4% versus 1.5% for CAD; 12.0% versus 2.9% for AF; all PϽ0.0001). Among patients undergoing surgery within 4 weeks of their initial diagnosis, both HF and AF cohorts had a 2-fold or 3-fold higher postoperative mortality rate than CAD patients, respectively. In a post hoc analysis, we sought to examine whether the observed mortality in the early-surgery group was associated with recent hospitalization. After the index HF hospitalization, NIHF patients (nϭ529) and IHF patients (nϭ888) were rehospitalized with a primary diagnosis of HF within 30 days preceding 
Minor Procedures
Given the unexpectedly high postprocedural mortality rate among patients undergoing minor procedures in all cohorts, a posthoc analysis stratifying these patients by procedural category and urgency of surgery was performed ( 
Multivariable and Sensitivity Analysis
After adjustment for baseline variables, mortality and the composite of readmission or mortality in the first 30 days after noncardiac surgery were significantly and substantially higher in the NIHF, IHF, and AF cohorts than in those with CAD (c statistic 0.79, Table 4 ). The outcomes among patients with an emergent or urgent surgical admission were worse than among those undergoing elective or outpatient procedures (adjusted OR for mortality, 2.28; In a sensitivity analysis, the CAD, NIHF, and IHF cohorts were segregated into those with and without AF. The respective 30-day postoperative unadjusted mortalities were 2.2% versus 5.9% (CAD), 8.3% versus 9.5% (NIHF), 
Discussion
This population-based cohort of Ͼ38 000 patients builds on previous studies of patients with HF undergoing noncardiac surgery with 3 principal findings. First, patients with HF or AF are at substantially higher risk of postoperative mortality than patients with CAD, and this risk is higher than previously appreciated by perioperative cardiac risk prediction models. 8 Second, patients with HF undergoing routine minor surgical procedures are not low risk, as highlighted by the Ϸ4% risk of mortality within 30 days of purportedly minor outpatient surgical procedures, such as a colonoscopies, bronchoscopies, and cystoscopies. Third, mortality rates are particularly high for those patients undergoing surgery within 4 weeks of an incident diagnosis of HF or AF and further highlighted by the risk carried by a recent HF rehospitalization on postoperative mortality. Further study of the risk or benefit of early versus delayed surgery requires further study in a controlled setting.
Multiple perioperative risk prediction models have reported that a history of HF is an independent predictor of perioperative cardiac events, but all models weight HF as having a similar or lower risk than CAD. [3] [4] [5] [6] [7] [8] In contrast, recent Medicare studies have shown that older hospitalized patients with HF are at higher risk of mortality than age-matched patients with CAD. 9, 10 This study confirms these latter findings in an unselected large cohort of patients undergoing a broad range of surgical procedures and in an analysis not limited to in-patients or to patients Ͼ65 years of age. It also shows that current perioperative risk prediction models substantially underestimate the risk of noncardiac surgery in HF patients. This study's crude 30-day perioperative mortality of over 9% was similar to previous observational reports, 9, 10 but is nearly double the 5% risk reported by et al in the most widely used perioperative cardiac risk index. 8 This difference may, in part, be due to different patient selection. Lee's study included a younger cohort of patients from a single surgical center undergoing elective procedures, whereas the present study included an older population undergoing emergent, urgent, and elective surgical procedures at centers with varying surgical volumes. Unlike previous observational reports, this study is the first to show that patients with NIHF have higher 30-day perioperative mortality than patients with IHF (online-only Data Supplement Table II) . This difference may be in part due to improved cohort classification given that the present study used both administrative discharge coding and coronary procedural codes dating back to 1993 to differentiate both cohorts.
Perioperative risk models differ in their estimates of the risks of nonsinus rhythm or dysrhythmia, and none define the risks of AF specifically. However, the present study shows higher 30-day mortality in the AF cohort compared with the CAD cohort. Although the reasons for this difference cannot be elucidated in this study, it is conceivable that differences in the identification of AF may play a role because a hospitalization for AF was required to be included in the AF cohort, thus identifying a higher-risk cohort. Prior studies have relied on patient history 5 or a single preoperative ECG. 4, 6 Although the cause of these adverse outcomes in patients with AF is unclear, future studies examining the effect of perioperative anticoagulation and rate control management and heart rate control are warranted.
Current perioperative guidelines suggest that patients undergoing planned minor surgery have a combined morbidity and mortality of Ͻ1%. 17 Thirty-day mortality rates of 11.7 per day per 100 000 elective outpatient procedures have been reported. However, baseline comorbidities (such as HF, AF, and CAD) were unavailable. 18 Ours is the first study to report outcomes in HF patients undergoing minor procedures. HF patients are at significantly higher risk than CAD or AF patients, and their absolute risks are substantially higher than previously anticipated. Although the observed rate may have been elevated by inclusion of procedures performed on critically ill in-patients, the 4-week postprocedural mortality in HF and AF patients undergoing strictly outpatient minor procedures was still in excess of 4% and 2%, respectively. These analyses suggest that HF patients are not at low risk of adverse postoperative events even when they undergo low-risk outpatient surgical procedures such as colonoscopy or cystoscopy.
The higher risk of perioperative myocardial infarction in patients undergoing surgery early after myocardial infarction or percutaneous coronary intervention has been reported before. 19 This is the first study to show that patients undergoing noncardiac surgery early (within 4 weeks) after an incident diagnosis of IHF or AF are at significantly higher risk of death at 30 days than those who undergo surgery later. Additionally, in patients with known HF, a rehospitalization for HF portends a higher risk if surgery is to be undertaken in the next 30 days after a HF hospitalization. This is similar to prior work highlighting the role of HF hospitalization in predicting future risk for mortality or rehospitalization in stable outpatient HF populations, 20 and may serve as a useful predictor to be tested in other cohorts used for developing risk-prediction models. This finding also suggests the risk of CAD and HF is likely more complex than the simple presence or absence of disease, but also time and clinical stability play a role in postoperative mortality.
HF patients have a higher 30-day hospital readmission rate after noncardiac surgery than CAD patients, with a reported frequency of 17% to 24%. 9, 10 The reasons for readmission in this population were not previously known. Patients with HF had a 30-day readmission rate of 12% to 23%, and they were significantly more likely than CAD patients to be rehospitalized for cardiac causes. Although the readmission rates in the HF cohorts are consistent with reports of hospitalized HF patients not undergoing surgical procedures, 21 whether this rate can be lowered with improved awareness, postoperative care, discharge planning, or early outpatient specialty follow-up remains unex-plored. Conversely, given that the majority of readmissions were for noncardiac causes, the potential impact of targeting a cardiac intervention to reduce hospital readmissions may be limited.
Limitations
There are a number of limitations associated with the use of administrative data in this cohort study. For patients in the HF cohorts, no data on ejection fraction, symptom status, or nonhospitalized HF were available; therefore, we are unable to determine whether surgical outcomes differ for patients with systolic or diastolic HF or differ depending on severity of presurgical symptoms. However, none of the major perioperative guidelines or risk-prediction scores distinguish between systolic and diastolic HF, symptom status, or previous hospitalization. 3, 8, 17 Secondly, HF and CAD are routinely undercoded but highly specific in administrative databases; this, however, in fact strengthens our results, because this would bias the results toward the null hypothesis. 12, 13 Third, administrative databases routinely undercode postoperative complications; 22 hence, we did not characterize in-hospital adverse events and chose mortality and readmission within 30 days from the date of the noncardiac surgery as our principal outcomes. Fourth, no intravenous perioperative medication information was available. Finally, outcome data for individual surgeons or surgical teams were not available in our database. Thus, we used number of hospital beds as a proxy for yearly surgical volume.
Conclusions
In a large unselected population of HF patients undergoing major and minor noncardiac surgery, patients with HF or AF are at a significantly higher risk of death and rehospitalisation than patients with CAD. Heart failure patients undergoing minor surgical procedures do not have a low postoperative risk, as suggested by current perioperative guidelines. Finally, after an index hospitalization for HF or AF, patients undergoing surgery within 4 weeks have a significantly higher mortality than those undergoing surgery at a later date. To date, perioperative research has primarily focused on reducing surgical risk in patients with CAD: our findings suggest that future research should focus on identifying perioperative risk factors and developing perioperative risk prediction models in patients with HF and AF. 
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